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A. FProdect Objective 


itsimernts to Rarch 1, 1952 
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The aim or tis Project: was to ircestigate underwater sound 
transducers unich were primarily mechanical, Tha following 
characteristics were desireds 

| i, Acoustic power cutpn* = approximately 2 eett 

2. Freqgvency - 5 to 20 EO 

3. Tims duration of output = & secomis, nininun 

4. Radiation pattern ~ omni-directional in one plens 

5. Sige ~ cross section in plane of radiation ghould ocempy 


an eres Within a lk inch diaueter cirele 


ra 
© 


Possitle power inpat » thet atteinable from water-sour'ce 


oats MO acid 


relative velocity 
B. Work Dons to March 1, 2952 
Tne first three months @ spent on an analytical evaivation 
of various devices which seemed trost Likely to meet the desired 
characteristice, and on the construction end testing of an under 
water whistle, The resulte of tasits on this whistle wre aot 
see 
Ultrasonic Corporation's Technical Frogress Report No. Lil-? for 
Office of Naval Research) The whistle was the only uvsvosed 
devics capable of operating on a watexy~source rolative tolocsi ty 
head, investigation vas then directed toxvard devices requiring 
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7 favorable so further investigaticn of 1% was postpons 
z stored onergy. It was thought that these devices could batter 
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attain the desired performanse characteristice. Three sueh 
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devices were considered: | 
i, Driven Diapkeagn 
<¢. Water Hemmer 
3o Hartmem denera tor 
The first two would operate on pressurised water, the third 
device on pressurised air, Experimental modeis of theae 
dsvicea wero designed and bnilt. This second report summarizes 


tia work dons on iio three acices Listes " Aoove an draws con= 


clusions as tc their snpliccbility for uss as underwater scund 
sourced. F 


It, Fluid Driven Cisphragm 
A, Eopleracacn of Operation i 


This devices (Assanbiy Dreving, Figure i: Photegrephs, 
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Fate or constant pressuse, Tn vernsest. operation ef the device 
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3 = + FE a, =. on | > ~ tae} “4 a ; 
aesenis oa 2 Siudd jet impinging on an sdgo clamped diephragn. 


Kotion of the diephrags reasta on the fluid stream, the inter= 
sotion resulting in saergy deine fsd into the cscikiation of ths 


dee tbl 


diaphraga, Such a device wes yum successfully by Xerr Grant} 
in air, powered with air 2% constent pressure, and in water, 
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oscilistiions ten be sustained with an inconpressible Tluid, 


Ll. Serr Grant. Procesdings ef the Plyetcal Sus. of London, Vol. 34 (ig2l-1922 
2, Frederick 8. purrell, A 
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evpplied at comtans iow rate. 
B. Design of Deviow 
Operation under water is met practical wins air ag the driving 
fi0id-. The air Flow rate recuired to supply enough ensrgy “~ 
cmuse 2 watt of output is extremely large. Our device was de~ | 
gigned to operate on water at a pressure of 100 psi or ‘tess. : 
Finishes on parts were made fine and tolerances smali t .- wz6 7 
perpendicularity between the nosrle and the “*» rau. sine 
! adjustnent of the 39n8Le Gaphragn distance wes provided, for 
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| this was Known to be critical. 
Since the vibrations sre sclf-excited they take place at the 

: natal Drequence of the diephrea. fhe following aia rreges 
— (sdge claiped) were usad: 
s Diaphraga Effective Diameter Thickness f£, (approximate) 

No; inches) inches s + 
2 2 1 £033 7000 ; 
= 2 2 e022 5000 : 
3 3 z .012 3000 | 
C. Testing of Device 
il. Compressed? air driving fluid : 
E A pYelininary test wes made on ths dsvice operating in | 
airy and neing sir a@miied at constant presaure. Oscillations 
| wers ceteeted hy ear but wore very faint ~ too susll to 
a margure with the equdgercot at hard. The frequeng was : 

egtinated to be about 3 ~ & KiS,. Diaphraga No. 1 was used. 

& Vibration vas very unstehie and extremely sensitive to 
, aozglesdisnmrsca Gintancs, 
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Pressuriced oii driving floid 

A schematic of the flow system using cil pressurized by a 
constant displacement pimp ie shown in Fiowre |i. This 
system actually approxminates one of coustant flow rate since 
the restriction dus to the Fiuid Driven [laphragn varies at 
a fraqueney of 3 ~ & KCS which the pum cannot follow, The 
pump "saes" an average constriction and pumps fluid through 
the device at « congtant flow rate. Diaphragn vibrations 
were roted by ear with the cevice surrounded by both air and 
oll, Thay wore, however, too weak to measure, unstable and 
very sensitive to nosgle Clephragn adjustment, Froquency was 
estimated to be about 2 <- §, KCS$ Diaphragn No. 1 was usod. 
Pressurised water driving fluid 

A schematic of ths Dlow-doewn flow system used is skam 
in Figure 5. This system actually supplied water at constant 
pressure. Ali three diaphrems vere teated, both in air and 
under water. Vibrations could rot be axcited. Upstrsam 
pressures from 50 - 100 psi were tried, The rozzle 
diapheags distance was varied frou 0 ~- .Cl inches. 
Conclusions from teste 


fhe only syetes which cosrated when submerged in Moauid 


Coil iv tiie case) wee the ome supplisd with sil at constant 
fice rate. liven wees: sapplicd with liquid at constant Pe 
rate, the device cowid mt be made to operate steadily with 
& satisfactery powar out. This micht be explained by: 

a, Time chenges of nosaloe-~diephram sctting 


tis Ustence was about .091 — -002 inch, Chanras 
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a8 ameli es .GOO2 vould then be a 1 change. Effect 
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on the operation could be appreciabis. 


bob. Variation ef flew from that of a radially symmetrica:i 


pattern 

A beric requisite for this device ir that wis Tivia 
fiow between mnossle amd diashrag be radialiy 
symmetrical. Any irreguiarities in the surface of tha 
nosgle or diaphragn or any departure from noszlé~ 
diaphragn perpesdicularity would have an effect cn 


this symmetry. With such a smull riow passage betrosn 
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nosale and ciepirag: {.001 = .002 inch), these influences 
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could be strong ones. 


BP. Conclusions as to Péssible Use of Tris Uewvice 


1. System vith constant flow rate source 


os i | 


al 


The power output and operating etability of wis system 


sh 


were unsatiaefactory. The constant flow rate source would ba 


difficult to obtains it would have te be a constant dis- 
placement device such as e vans or piston pump, It would alse 
reauire 3 motor of trbdines drive. Such a power sowrés would 


be quite axpensive. This Version of the Fiuid Driven 


Disevktegn dessa not ecem anmnitecable te tho use iztended. 
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» Systane with constant pressure soice 


a . 


The system intendad for th: present applicstion was that 
utilising water eat con<tant pressure. The preasurised water 
Boures could easily ba obtained oy using a tank cf unter 
with preseurised air above the weter,22 ves Gone in testing 
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the devices. This system failed to operates. Etmr the 
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operating point regetrad ench oritical adjustment of 
peres¢tes2 thet it was not discovered, or the design itseli 
wade gperaicia:. impceaibis. 

fasting of this device wan sonductcs i+ the absence of 
theoretical analysis or ocuprahensivo experimental data. 
Consideration given to the Limited information availabie at 
prssent on this een and ts the limited time anid furvis 
uvailable unter this contract led us %. “ipcount the Finid 
Driven Diaphraga operating on 2 constane pecssure source as 
an applicesls davies. 

3+ Dimensional requireronts 

fro basic differences between ths constant pressure sources 
device under consideration and that operated by Grant’ ars 
sizes and Seequency, our omaller, higher Ifrequansy device 
places much more emphasis on dimensional accuracy, Although 
the best engineering telerences wore used in our design, they 
were apparently not good enough. Taproved dimenzional 


accurecy does not seem practical, 


Til, Herbrann Generator 
A, Explanation of Opsration 
fhe operation of this generator surrounded be free air is weli 
docunented, Basicaliy tho generator consists of two parts: an 


eir nozzle which 13 eperated below ite oritical pressure ratio, 


Ze Ker: 2 Grant, CTD e cit, 


hl J, Harmer. Cn the Production of Acoustic Waves by Heens of an Air Jct 
of & Yoloci eesdin a of Sound, Phil. Mazariae, 
Serizs 7, Yale Lig 92b~09% (Yancaryaduoe 1932} 
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Bo as to -74 up an oblique sheck wuve pattern dormnsiream, ead 
e cavity resonator. When th resosator is pieced at cartein 
points in the aiock wave pattern, strong acoustic vibrations 
are ganarated, with frequengy determined by the cavity sizs and 


Vm 


power cutout dependent on the air flow rate from the no2 


ané its operating preseur)e retio. The sir vibrations are carsed 


by the entrances and discherge of sir from the cavity resontur, 

hence the device approximates a velocliy source scneraisr, 
Applicatisn to Use Under Water 

The device must onrersts in a medium of air similar gas. 

Further, the acoustic impedance inte uhich the device cperates 
must be relatively iow to obtain good tranamicsion of power away 
from the sources. When operating into a free field in air, the 
acoustic impedance apparent to the scurce is 2 low one, roveghly 
the characteristic acoustic impedance (8 ¢) of air. In order 
to use thie device te generate sound under water it must te en- 
Closed in a g2aeous medium with provision for transmitting the 
sou. waves ints the ve tex surposnding ths enclosure. uch 
encicsme would cause reflections of the sound waves back to the 
Source, affecting the acoustic impedance existent at tne xource. 
For good operation of the device, the enclosurs should also be 
Aone? coma ta smite = Srex snemetin iynadanan at thea amrmrra 
Locaticite 

Hartmam, Genarator Ho, 1 

1. Acoustics design 

Redistion, omicdirectdonal in one plane, wes desired, A 
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eonerated cylindrical wave misht be usel to abnrorimnate thig 
condition. Purther, the Rartmam Genoretor could be designed 
no thay its ougpat would be rougbly cylindricel. With this 
inmind the gemeretor shown in Figure ¢ was designed. 

fhe generator itaclf (nozzle and carliy xosonator) is 
located on tha lengitudinal center line of a 1 inch radius, 
steel cylinder. The natural frequency of this cylinder in 
ite first racisi mode is about 50 KO. When tiis cylindar 
aurrounded by water, the avoustic load epparent to a 30 KC 
cylindrice]l sound wave at ths cylinder wall would be pre= 
cactinantiy one of high rasistance (Appendix, Paré A). This 
acoustic impedance at a wall located on a l inch radius 
shouid resuit in a low acoustic impedance near the canter of 
the cylinder, which ecndition would aatisry the generatear 
icad characteristic. if the goneretor ware adjusted to 
operate at 30 KC the steel cylinder would be driven at its 
natural frequency and showle have little reaction on tim 
round wave, Since the characteristic acovstic iImpadance 
( 3°) of ths surrounding tater is much eraater than the 
characteristic acoustic imedance ( ge} of air an impedancs 
mismatch would exissi at the outer surface of the cyviinder, 
Syund energy would be reflected at this interface and a 
standing wave pattern would be set up inside the aylinder. 
At the aixrwoyliniler interface there would be a velocliy ncde 
maa a pressure antinode, while at the source (in tae ocsnicr 
of the cylinder) thers would be a velocity antinode and a 
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pressures node. Hence, the souwres Tequisit< of high valocity 
enild be met while the lerge pressure amplituds at the weil 
would drive the arlinder, forcing sound emrgy into the water, 
The standing wevs pattern should build um in amelituds untii 
tas tranamiseion of cosrey throuch the cylinds. equals that 
radiated by the source at ths center, This qualitative 
explanation of operation is based on the theoretical anclysis 
pesasuved in the Apperdix, Part B. 


2. Mechanical design 


In the appendix of Ultraconic Corporation's Technical 
Progress Report Ho. 121-1 for tha Office of Naval Research 
the amount of stcred gas necessary to operate this device 
foe 19 seconds was calculated. It was found that about i ft- 
of air (or similar gas) atored at 3,000 psi woulé suffice, 
The preseure ratio acresa ths Hartmann Generator nozels 
Sioua be about = SS 
By thrsttling the 3,000 psi gas down to a pressure of 
1,250 pel upstream of the mrsvla. and by maintaining ths 
downwtrean preeenss inside the steel cylinder st 100 psi 
Sls pressures ratic codid be mainteinea. Further, the air 
Snpide the avlinder would discharge into the water Ww a 
dent ok 200 ft. (66.5 pela) at oonetant flow raisa, since 

aie thickness of tao rescemnt cylinde: wae determined by 


2s fer good operation, 


So strength meseseery te eithetand an ineide oreraure af 


60 pad. ®0" rings at both ends of the cylinder provided u 
preseue tight seai, for the si> chanber. 
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D. Teeting of Berteann Gensrater No. 2 
2. “ensratar in air 
728 stsc. splincer we left out in this test. In the 
schematic, Figures 7, the paraneters pertinent to evelusting 
the operation of this generator are shown. The parameters 
were Gijusted as ToLiowes 
Pas a SO pede 
@ 2 0.167 inch 
nos > inches 


The resomaic® leneth (2) was varied fem 15-inches to less 


than A inch and the frequency and pressure amplitude were 
measured. The frequency varied with 2 as shown in Figure 83 
pressure amplitude varied with £ as shown in Pigure 9. The 
Power ontont commuted for o RMS pressure amplitude of 

6,000 ae {(f % 3% KCS) is roughly 5 watts, This assumes 
& cylindrical wave shape of height about 3 inches. (This 
height was estimated by moving the microphone vertically i 
wx & inebes above and below the horizontal center line and 

observing uitile variation im pressure amplitude.) The 

waveform of the prescnre verietion, as indicated by ths - 
microphom, was high in harmonic content at tne lower ire- ) 
qnencies,. At a frequency of about 10 Fo and up the vava | 
tects more purely simwoidsl until at 30 KC it was nearly 


5. Thie eatimete is only intended to establish order of sgnitude, A 
campis of tae method of calculation used is included in the Apnendix, 


20 


| 6. This estimate is only intended te establish order of magnitude. 
| of the methea of calewlation used is included in the Appexiix, Part C, 


moan 3 ge 
a perfect sinusoid. 


Thess measurements were performed to provide = check on 
the frequency and output chsractsristics of the dartmann 
Generator without ths enclosure. The upstream pressure of 
50 psia was used so that an available 125 psi constant 
yresrucs Zippey Would suffices. Since the downstream pressure 
was 1 atm., the pressure ratio across the neszis uaa abovt 
3 to 1. ‘This ratio ie the sass as that intended at 6 higher 
upetreex pressurs (1.200 psi} so that the effect of using 
the 1.200 psi upstream preasure should be an increase in 
power culput ef the sensrater vith no other appreciable 
changs in operation. 

Generator in water 


With the steel cylinder in place the device was placed 


tee E id cease 6 st 


under water in the anechoie tenk (Figures 10 and 21). With 
paraszevers adjusted as follows: 


Pups = SO psia 
& = 0.147 


ji. zs 2 inches 


& was varied and oressure empli tade and frequency wore obe= 
served, The output showed pronounced rayimums at about F 
anit 24 ZO, but even at these points it was much Lower thar: 
expected. The beet operating point was at a frequency of 

9 KOS. The pressure amplitude was about 3,000 dyns/an@ 


corresponding to a power output of roughly 1.4 x 19° watts? 
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. (agnin asevming a cylindsicel wave of beight, 3 inches). 
3. Conclusions from test dete 
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Eteel cylinder 


‘This cylindsr, resonant at about 3) KC, was not 
being drives °t ita natural. frequency, It is aiso 
wery probable that the cylinder vas highly damped due 

tte sounting. 
In order fcc enargy to be transmitted to the water it 
j@ nscessary that the acoustic conditione previously 
Cesorided exist. Any deviation of the sound field 
inside tas steal oylinder from that of cylindrical 
standing waves would seriously reduce the acoustic 
power radiated into the water. In the Hartmann 
Generator No. 1 the longitudinal distance fram the 
gource on the longitudinal centerline of ths cylinder 
to the end of tha air chamber is appreciable wits 
respect to a wevelongth (distance is 1 inch while for fm 30 EC, 
Reo 0. inch). itis very possible that any energy 
radiated longitadineliy fron the source ai the center 
would be reflected omusing the sounml Meid inside ths 
eylimier to differ fren that of 2 oylindrical standing 
weve pattern, That eneToy was being radiated 
longi tiinally from the source at the center was 
verificd by a few measurements which indicated 
apyxeciable pressure mmplivudcss at points relatively 
AMatant t=om the source in the longitudinal drection, 
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4. Ne@i fication ef Hartnamn Oererator No. 1 


a, ALUELIRE Spacers 


De 


To assure a cylinidrice! sound field inside the steel 
qyiinder, te alumimm spacers were insertec 45 shown 
ib rigure i2@, Ey cutting down the icreitudinal 
Gimension of the sound passage tne effect of enargy 
reflected fran the ends should be greatiy decreazad, 
A spaces between ths 0.D. of the spscére and tus iD. 
of the steel cylinticr serves as the vassage for air 
discharge. 

Effast of spacers on cperation of genera Ker 

When tested underwater the output of the modified 
Geviee Gia not differ appreciaciy from that sf ths 
devios without ths spacers. The placement ~f the air 
discherge passage at the inner wall wes dictsted by 
mechanical pract’ cabtlity. From an gocustic stand- 
point, however, it wevld have been batter to avoid a 
sound energy escene path at a pressure antinode in 
the sound field, The position of th discharse 
peaseace at the innes yell of the cvlinder made it 


cuit, if not impossible, to sustain a large 
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pressure amplitude at thet ncint. 


Eo Havtsann Cexserator Ro. 2 
1. Diffimitias anaountered im Genarater No. 1 


Three noints ware cerived fras tests om Generator No, 2: 


a. A steel cylinder with air tight seals was difficult 
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Tha longitudinal dimeneion ineide the cylinder could 
tave a strong effect on opareticn. 
c, The eir Cfecherge opening should be placed at sume 
point of lose pressure emilitede, 
2. Design of danereter Ho, 2 


The generater shown in Figures 33, BU: end i5 was desi ged 
SS an toe yeument ever Generater Ho. 1. It was expectsd to 
operate best at about § or 16 KG es predicted br the ensiysls 

ssi the Appemlix, Part B; oni es demonstrated hy te asts ct 
Generater no. i. Tis swe enclosiig inks waz repleced 
With ah ammiis> ring of mediua soft, cayzercial rubber. 
(Characteristics acoustic imedanoa «f this . al, ar 
close to shat of water.) The iongitudina) “rousion of 
sir chember was kept sasii. The air escape passsse wes 
placed si « peant in tas sound Meid unare it would be mar 
& pressure node at eishsr 9 or 16 KGS. (Revghiy a quarter 
wavelencth teverd the center, from the rubcsr-air interfece.) 
it was amected that this desig sould sssult in 4 well 
deSined eviimivieal standing wave field in the enclecuré. 

F. Testing of Hartuarm Generator No. 2 
1, Generator in air 

This test wes contiucted without the rubber ring. A 

schematic of Osnerator Ho. 2 is shown in Figure 15. The 
perameters were edijusied as follonss 
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The parame tal’ SX waa varied: and frequency ami pressure 
supliteds were noted. This device exhibited mich the esme 


a , c a> a 4 - + <, Cte . =e 
chsvectemistics 2s Censretor Ne. ] whan coperaisd im en eic 


With the rubber enclosing ring in place, the davice was 
placed underwatar in the anschoic tank, The parameters were 
sdjnusted as follcvs: 


Fi, 


At Sheee Gisierent upstress: sresswes, wis dowistxeam oF 


chember pressure and the frequency were varied to find the 
beat everaeting pointe (41,0., maximum pressure amplituds). 

the shanber pressurs.was controlied by 2 valve in the dis- 
charge line while frequency was ecntreiied by adjustiag 1, 


tha cavity length. The following was observed: 
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Upatee . Chamber Cavi Press WavTs 
Fressui~« Pressure Langih Fraquency anplitude Form cf 
£ Sf Pressure 
aes _ Pohan P ‘ Variation 
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The chambar pressure wes in aii cases adjusted to give the 
hax power cutout. KWnen reduced pelow values tamilated 
the output was not notdiosably affected, 


Pl 


Various nowsie=resonator distances (S)} hed been tricd 
tefore this test wes run, to evaluate the importance of this 
parameter om operation. Variation of this iomensisn of 
-03 inckas from ite valine at a good operating point resuited 
in @ dsciweanse im power cutout by roughly a facter of tac. 
The order af macnituds of the output of the generator, then, 
was not seriously affected by ar-it) variations in this 
adjustment. | 

The radiation pattern oveerved by measuring pressure 
emplitude at raricus pointe arcund the gérerater scammed te 
be more spherical than cyiindricai, This was surprising, 


but the pressure amplitudes measured near ihe outside surfaces 


of We nozzle and cavity housings at positions 1 and 2, 


Figurs 16, wers of the same magnitude as that measured at 
position 3. Apparently the nozzle and cavity housing 
pieces were excited *« vioration by the standing wave 
pattern in the air enclesurs, causing enerov te be radiated 
iongitextinaliy. This phenomena vas not observed in the 
tests run without the rubber enclosing ring, ai which time 
the ratiation pattern appeared to bu predominantly cylindrical. 
Tes preesurec necdsd to operat) this device wers sigmiiad 
hy earriacer of twalwa Yaron one hotties containing nitrogen 
initsally at 2,000 pei, The tasting time provided by this 
pregeure source ues very limited. (Reaghly 10 miontes far 
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constant operation with Pung = 1,200 pei.) Ts leagthen the 
(ime availeble far measurenents, it was Gecided to test tie 
generatcr at pressures lower than 1,200 psi, ences 
previous dats. Tt is reezonable to aesume “hat resulte ch 
tejned at pressures osl<«e 1,200 pei can be extransiated to 
indieste ovdur of magisitude ai power ontput at 2 1,200 pai 
apsWwrean preasurs. 
Conzlusions from tasta 

Maxime outputs were obterwad at 9 end 16 KOS as predicted 
br the anelysia in the Appendix, Sart B, With an upstrean 
preasure of 600 pai and frequency adfusted to 9 EC a steady 
wave with pressure amplitude of 9,500 dyne/ on, MS64SurGea av 


& point J inches from the sources, was generated, if a 


epherical radistion pattern is assumed this nressure aupiltude 


corresponds to arproximatsly 0.52 watts of radisted paver. 
Prestmavzy, if tas upstrsom pressure were doubled to 1,200 
pei and the sane pressure Fatio ecross the nozzle vere 
mainteined, the sir fice rate through ths device wuld duble 
ard tha powar outont woulG Goudle, 

The chamber pressure when adjusted below a certain value 
(those tabulated, for example} had no noiicasble effect on 
extout. Phe data taken seems to indicates that the pressure 
Tatic actosa the nossle far best cperation is mectar than 
ths 3 to 1 ratio which waz axpected %o be bent, 
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& Concinsions us to Possible Use of the Hartmann Gensrater 
Ow Final model of this devices (Genorator No. 2, Figures 13, 


U; amt 15) dese not possess all of tte chsracteristics considered 
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bs desirable for ths undeteater sound source in autstion, 


shervicomings ares 


It requires stored energy 


its radiation pattern, which seans to be predaninent! 
spherical, causes the power %o ba spread over a larger aroa 
than it would be in & cylindrical seund field, This dccreazcs 
the intensities measured at points in the horizontal plana 

of the devios. 

Though stored enargy (in the form of compressed gas) 
camot be avoided, the nower output ard radiation pattern 
of the device can be.furthor influenced, & dGasign which 
Ginimived the vibration uf the noszie and cavity housing 
pieces would decrease the power radiated Jongitudinally. ft 
seems probable that a corresponding increase in nowar radiated 
an the horiscnial blans of the generator would result. An 
increase in tha thickness of the hensing piecss might weld 
acecomiieh this. 

Ths sins of the resonant cavity used in ths sou®ée at its 
center is related to cperation of the scurce in that the 
length of the cavity. & , detnurmines the froquonay of 
operetiou ard the diameter of this cavity must bs stall with 
respect to a wavelencth at amy frequency to prevent cuss 
modes of air vibration. Further. it is likely that if the 
dismeter of the cavity resonstor ia increased withir. this 
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iinite tlio, the efficiency of the device Wein OG improved, 
regulting in moms power output for a given input. An 
operating frequenc: ss hirkh as 30 KC wees ariginalliv conte 
pleted end at such a Srequenay the wmvelencth in sir is 
about Ol inches. The length of a cavity x neceesary to roc: 
duce this frequency is a quarter ucvelength cr 0.13 inches, 
The rscanusmided diameter for a Rartmam Gomerator is eirn 


: L : cl = cavity clameter 

L>d> 7% 

As cavity length 

In this cese values of of betwen 0.11 inches and 9.073 inches 
sstisfy this condition, The values of 0.093 inches used, was 
choean ag an averace hetmwen these tuo. Furtier, this value 
ie the saue as the dimcter of the nozzle, a feature which 
simplifies alignment of nossle and cavitz. At the lower 
operating frequencies (9 and i4 KCS) found to be desirable 
fron our tests, tha cevity dlemster could be as large 2s 
0.20 inches and still be within the range of recomended 
VELUGS « 
Tt is inposettle to predict haw much the pover output for 
a given input would be affected oy in-icaging the caviiw 
Ganster. This would have to bo determined by experinent. 


But ainoa our Veneratar No. 2 does not have es larg? & 
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vaius cf cavity Gimetcr as that recommended, increasing 
this dimension: should have a fevoreble effect om the 
power ontout. 

In concinsion, ths Hartmann Gemerater for use under 
water, in its present atage of development, does not com 
pletely satisfy the requirensnte imposed on the underwater 

wSeic sources st interest this cuutcact. It dees 
SéGm possibie, however, to icntiusscs the opsreting 
on. cusracteristios cf the Govics WwW more wearily fuikiia 


these requircnents, 


Water Hamer Device 
A. Explanation of Operation 
hie device, sho in Pigures 1? 2na 18, 42 partielly under 
etocd®, If « valve, which tends te close and decrease ths 
fiow throug it shen the pressure upstssem is increased, is 
placed in a pipe line containing pressurised fluid, 2 
phenomenon called "water hamser" can take place, Tbe device 
drawn in Figure 18 utiliasa this phenomenon tc produce sustained 
vibrations, Its oparation can dest be explained in fou parte: 
x Vibzations 
With flow passing through the valve, A&A emai, displacemant 
of the walvs towerd the alosed position would decrease tie 


Slow throug: tas Valve cauging an increase in preasure 


adjacent to the Vale. Thin NPASAUTS increas Catt ernst ot ‘bh 
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propagated upstream ay 8 pressure wavefrout, At eae distanci, 


be 
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upstream from the Vaive thers is « sudden increase in 


area ir the cross section of the whe. Thiz "spen" teminstica 


Hoey 


Will cshuse the compression wavefroat traveling upstream to 


ba reflected a5 a prercure devrease (rarefaction) vavefrent. 


PPR SL PR NRT IPR REDE EEE ee ee WT Hire ee ema a 


Practically all of the enerey contsinad in the wave is re- 


flected by; this termination so that the pressure amplitude: 


pia ea 


of the incident and refiscted waver ara essentialiy the 
same, Ths rarefacticn wavefront now will travel downstream 


to the valve, Here two things occur: 


 diaon tiie laniunitabikia ecssie sinc haste 


a, Under the iniiuence of tis pressure decreass wave tis 


i Yalve wiili open increasing th: flow and causing a 
Bi 
second miles (rarefaction) to propagete upstream. 
as 
; » db. The o@iginai srarefaction wave will be reflectec Pm 


ths velve (a stiff termination), rematiiag a rarafactios 
wave, and will propagets upstream. If we assure tnat 
m energy is taken from this original wave by valve 


cond 


motion, the incident and wu.i:s +4 wavee agein have 
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avuitant wave will be larger than the «me which a moment before 


%. . 2 \yecoan fen ral 4 o:- douns tres ; tha 24 FFAPOTYUMD naing dive ta 


rer! 


the change in flow cevsed by valve motion, This rarefaction 
vars will now wwavel upstream to tha coen termination, be 


rere) 


reflected es a compression wave and return to the valve. 
Row the valve Wisi ciose alightly, ths camresgion ware will 
be reflected 2s a cosipression wave whiis its axplitwde is 
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inereased by the decrease of flow through the valve. The 
pressure weve will now propagate urstresr, At this tine, 
sfter | traverses of the tube length, &, the disturbance is 
again treveling upstresm as a compression wave, and @he 
erale of svents just described wiii tbe repeated. Each times 
& wavetrest impinges on the valve it will be reflected and 
ita emplitude will bs increased as cssaribed. 

ihe vaive is now excited by alternate camression and 


rarefaction waves. The time between camorsssion waves is 


Ts ad 7 = period of pulsstiins 
L « length of tube fron 
valve to open 
termminstios 


SC = vwilocity cof propagation 
of souri in fluide 
filled tabe 


Sinss Ts = f « frequency of pulsations 
ree 
a 4. f 
Substituting f= os As wavelength of pulsations 
The reiationsh: = 2. 


iz ebtained. Eencs the length of the pipe must be a querter 
wave jength. This would cause eli generated pulses to be 
exactiy in phxse. in the sccoveding explanation certein 
phase Scleticnships, nscessary to the operation cf ths 
device, will be described which necessitate that the tube 
isugth be ewhat less then = quarter wave length. 
Limitations to build-up of the waves 

The ascomption that no anergy caus taken from & weve incident 
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date Gada dea wales ected eee au ta as ee 
explaneticn of And tae tion of vibrations, In reality each 
“wave incident upen the valve osn supply ersrgy to any ays* 
which migh® eppear ag 2 damping iced coupled te the vaivs, 
In the orerent design of the enter bmmser Gerice, tha valves 
ia mounted at the center of ea diaphram #20 thet motion of 
the Valve causes motion of the dissitsga tron sich a certein 
emecurt, of accustic energy is radiated and 4 certeis =cut 
of energy is dissipated by mechanivel damping, Energy is 
also taken fron the presmure pulse by other mens, Reflection 
at the “open” terminetion and of the tube ig acocmanied by 
some enmxsy loss. Ths weva, in travelines mw and dowm tz 
tabe, lowes energy to the fiuid and to the setal tise bas- 
cause of viscous damping. 

Tf the amplitude of the rarefaction wave reaches the value 
of stetioc pressure in the tuba, licuic eavitatim san occur, 
Such cevitation would prevent further increase of ths pressure 
Wave amplitude and world cause considerable HUsaipation of 
energy in heat ard turbulence. 

Consequently, the pressure amplitude built up by the 
pressure wave is limited, @ Daina tag energy losses menticned 
exe all directly dependent on wars auplituae, this amplitude 
wlii build up until the energy lest from the weve during ite 
ayele ( traverses of the tube) is inst equal to the snr 
supplisé tc ths wave from flow modniatios st the valve. 
Steady state operation 


The simple picture of the traveling comorsasion or rarefaction 
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vavefremt is madified by the pixysieal characteristios of the 
syctes, The waive is mounted en a Giepuragn, ond this unit 
resembles « camped, springemase vibreting cytt=m. Fhough 
‘ais system is initdally excited by 2 puise it will vibrates 
steadily with the sinusoidal motion characteristic of such 
systiams. The pressure varietion in the fluid upstresea of 
the valve will alzo become simscidal, Despite the fact 
that “hs "simple wavefront® picture does mt persist, if is 
heipfui in visualizing the actions involved, These acticns 
remain essentially the samt oven thoug: the form of pressure 
weriation changes from a pilise to a simisoid, I ome thinks 
of « sine wave as a series of simple vevefronts as showm 
belo, ai 


the foregoing exnlanation can bos extendsd te sinmnecidal 


veriations, 


Comiittons cecessary for operstion 
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For waves to be reinforead when seflactad frem tha 
Valve, ts veoter representing simsoidel yeriaticn 
pressure fores at the ee eee 
phase with tis ve displacement vectcer, This stipue 
lation wakes nessibie the conditicr that an increases 


in pressure causes & decease in flow and vice verge, 
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For ttris phase relationskin to be esatisfisd, the 
natural fresmency of the valve-Glaphragn vibrating 
system must oe higher tian the freqeenay of speraticn 
so that the spring roactive force on the valve ig 
precoemina:® coves une mass reactive force. Coerncurten CUrvenuLy y 
the rafieetions from the “open” tenmaination end of the 
sips must soure tho weves to arrive beck at the valve 
so that the reeuitant pressure fore? at thst point has 
@ component in phase with vaive digplacament. The 
theory of acoustic impedance tubes predicts that the 
tube ae must be leas than a cuerter wave~lenzth 
(L<% A) for this phase relationship to arist. 

The pressure force vector must also have a componens 
in phass with valve velooity. This component balances 
the damping forcas and determines the power outout 
tarough the vaive-disphragm unit to mechanical damping 
ef the diaphreg and ecoustic radiation. The effect 
of flow mochilation on pressuxs variation at tho valve 
yroviass this soenperent. 

Valve flow characteristics 

The flow characteristic for a spring mounted valve 
which closes linserly with increasing upst@eesn heud 
\pressure) is shown on the next pagn?. 
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f H s upstressn head (;ressure) 
:7 | He = bead necessary to 

ft | close valve 


~ \ GC = flow rate through veive 


on bre = man = 
| 3 | Taie granh indicates thet tne flow deereasss with an 


increase in head (nressure), only when the head ig 
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br 


greater than +. E, (i, = head necessary to close the 
i] valve). Consequently, 2 ninimm upstream pressure is 
u nacessary to excite vibrations, 
[ | The clesure head (H,) Je dependent on ths initial 
valve opening (distancs beiween valves end valve seat). 
Li ibe smaller the initial valve opening, the aualler tis 
closuwe haad and vies vorsc. Ths minisum mstses= 
pressure necessary to excite smaii vibrations is 
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BR, Design of Devices 


| Several parts uzed for the Fliuic Driven Dlapiivagm were useu 1% 
this device also. The “nearu" of this device is the vralve- 
diapbregn uzit, Toleraness which arfected relative position of 
ie, valve and valve seat. (Figure 17) ware clossly held to insure 
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alignment, Vine adjustaent of the vaive opening (dietance fron 
valve to ssat in the neutral position) was provided, since this 
@as criticrl, 

The diaphregmpuseG were the same aa those used for the Fiuid 
Driven Disphraga except for the valve mounting hole in the oanter, 
Hovever, the natural Irequency of each of these diaphrages with 
the valve mounted st the canter wes consideraoly iower. 

The sudden expansion of cross sectional aves spparent w ime 
sound waves traveling upstream from the valve, usvally takes the 
form of a tank with cress sectional area considerably larger tian 
that of the tube imoedistely upstreem from the valve. ‘The tank 
ugéa in this experimental design vas a hich cressure tao inch 


plain pipe coupling with a reducing bushing in each end (Figure 18). 


The tube from the valve to the area expansicn upsiraa: included 
& piece of #- inch pipe. This meds it possibls to vary the 
@istance from valve to srea <xpansion by varying tos lengia af 
pize used, 
1. Preliminary test of operation 
A achematie cf the Water Hemmer Device iz shows in Figur» 
19. The ueter flow system used for this device wes ih same 
ag that used for ths Fiuid Driven Diepirags, Figure 5. With 
Diaphraga Re. 1, t¥o waives of L were used and the vaive 
Cpening waz sdjustec tw the point of best operation, Wwitn 
rn ¢ 5 inches 
Pune = 400 pal 
the following wee cbserveds 
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Pe Tube leiugth Frac quency ~— oo 
| _ (ms. (KCS)_ (Milefat) 
Zee 309 10 - 13 
i 302 305 LS = 30 


Bubbling wae noted at the center of tha Gisplwagn. The out- 


puta vere tary arratic and waveforma indiested high harmonise 


content. The vetier operating condition wes with L 2 3.2 inchs, 
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so with this value established the next test was run. 


{| 2, Effecta of Varying upotream pressure. Pups 
ri With Diaphragm No. 1 in use and with 
ii 


Me 5 inches 


L = 3.2 inches 


cee 


tra valve opening wes adjusted for best operation over the 


a 
{ ) ranee of pressures, The foijlowing was observed: 
oa Unstrem Pressure 
| Pressure Fe ’ Amplitude 
r KCS ae Ls 
(pai. 2) (dye / *) aveform 
i enn No vitwaticn —~ rane 
F 250 Sof 5 = 6.5 
| | FG 307 9 = al "i 
| 350 3.7 oe a 3 
{ 
i] LOO 307 5 based phe | 
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bubbling Was sain Hotes at the sentex of the Giaporagn. 
The values of pressure amplitude recerde< correspond to whe 
meximem psak to peak value, as shom below 


Ths frequency recarded correspemis tc the frequenay at 
which the maximus: peak to peak Vaiues oecur, The maximm 
upstream pressure uscd (500 pai) was Limited by the strength 
of the diapbrege. At the conclusion of this test it was 
four that Diephriam No, i was badly cracked. 

A similiar test wes run using Diephragm No. 2. With 


the vale: opening vas adjusted for beet opewation over the 
range of pressures and the following was observed: 


Ups trom Frequency PxSssUrS 
Pressure r. Ampii tase 
Pune (KG) Foose Bs 
iS NO Veuration = —— 
200 2420 7 
250 2015 27 = 
300 2.16 5 5 
Bubbling was agein noted at the dianiragn canter. AgMiiy 
the waives of pressure emplituide recordad correspond te the 


aacimun peak io peal values while tim frequencies racerdad 
correspond te the frequenales at which the maximm peak to 
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peak values ocexw. Ths meximm upstream pressure used (300 psi} 
was limited by the strength of the dlephrags. Cperetion of 


‘ay 


the device was fairly stabdie with tine, 

This tect was also stterrted with Diephrage No. 32. The 
disphrags cracked badly after oniy a few seconds of vibration 
and further ues of it wee imposetbic. 

2. Effects of varying iwbde length, L 

Sith Dierhragn No. 2 in use ami with 

fie 3 inches 


~ —- Ma 


At each velue of L, tne velve opening was 2djusted ior t 
i speration, Bubbling was noted at ths center of the dlaphraga. 


The waluss of pressure amplitude end frequency recorded have 
i the sue sicniflcance as in the previous testa of the device. 


i, ifect ofupstream pressurs, Pups 


D. Conclusions froa Initial Testing 
A certeia minimum upstream pressure vas pecessary, in each 


o950, tc start vibrations, ite value dependent on tim valvs 
opetring, The qmiellor tie velve opening the amalier tie 
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mand pressure. This fact aorces with the intarmation 
Pprecsnted wuxisr “Ixplenction of Operation®. An optimus 
¥alus of upsteeam pressure saemed to exist ror each dier'aca. 
ig the peeseure wers increased abcva this vaius the amplitude 
of outfut remained the same or Gecreased, Further increase 
beyert this optimm values alsc seansc to imarsase the harzonic 
content of the were. 
Effect of tobe lengtn, 1 

Variation of tubs length avensd to have littis eifect on 
seplitoée of ontout. 


seen hy the plot of Frequency versus Thbe Length (Figure 2%), 


Its effect om frequency cen best be 


mada from the tabulated data, A curve of 4. (quarter wave 
Yencth) versue frequenqy is included for comparison. I, 3a 
jess than .f- at all frequencies measured, This indicates 
that the spring reactance force due to the disphrag: is pre 
doainant over tha mess reactence forces acting on the valve 
at the valvoedianiragn interface. For the resultent reactive 
force and the resistive damming forces to be balanced by the 
driving forse, it is necessary thet 

L<— 
a comnlitian which causes the Zindd prassure driving fores te 
lag the velocity of the valve, Tho forwe balance, as show 
in the weeter dizgram below, t= tem peesidls. 
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Thess observations are sisc in aceord with the remarks maids 


vreviously in "Explansticn of Cperatian." 


The east chance in spi tude of vibrations with frequency 
imiicetes that the dienhrags tas hichiy damped. 
Effect of using Giferert dlephregss 

The test data indicates mush bigsher eutput empilitudes whet 
Diapkragn Ho, 2 =as used. The stebiliay of operetion aise 
seme much better with this dienhragn in use. The lowar 
requengy of operation with Diephragn No. 2 ae compared te 
Disohragm No. 1 is less desirable tut the other isprovemente 
in operation were of such velue that Diaphress No, 2 wag 


considered to be mors saidafactory and was used far ail 


sacceuiing Scesuremente. 
Cavitatinn and air bubbics 
Durias the previcus mecaurenents, violent sutbiing ws 


noted ip «ne water medium surreunding the device at tas 
csnter of ths Giephrags. This cculd heve been caused by 
liquid cavitatica or by cir buries. in either cass, tis 
raflaction end Csneraion of redtated sound, by such tbebbles, 
> avoid the difficulties accompanying formatian cf 


ie erreryramt aie 


im thes next seation, 


mweuri.cation of Water Hammer Device 


To avcid bubbling <= = we surrouncine medium nert to tiv center 


of the diaphraga, & chambss for containing de-gassed caster cil 
oe oe on a aa te devics, The oii 
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wes cecerated from ts sirroumiing medim by a thin plicitiim 
memboere. The device with this medifiention (shown in Plames 
21, 22 and 23) represents ite latest stags of development. 

Fhe use of de-sassed castor off aliminstes aim bubble foruation 
in tre ofl. and inereasss the pressure axplitade mecessary to 
Cause liquid cavitation to eaveral atmospheres. The bubbling at 
the diaphrasm-castay of1 interTact cai be cvoided in tuis way. 
The sound energy rediated theouch the castor ofl screads out 
hoeniepherisciiy «5 that the intensity at the costar ofiamier 
interface ie reduced belo tis value necessary to cause bubbling, 
It wea found necessary to fill. the cavity adjacent te the 
dSepuraga with rubber to prevent water from iesicing through ths 

iv2 mounting screw hole into the caster sil. 

Teetinc of Modiffed Vater Hemmer Devices 

The tests already described indicated the effects of the in- 
portant parameters on operetiit. To accturateiv catemins th 
por antaut, frequency and stability of cperetica of the device, 
as muifiea, tas Toliowing ist wee Frum. 

With La | inches 
Pang = 300 psig 
f(s 9 inches 

Sinn: dithi:Giuahidits 4k Diels 45): ae i Saw kt ews ae 
about 20 almrter. The frequency of operation remained constant 
st shout 2.3 KOS. However, the pressure amplitude ond kermonic 
coxtent of tha wavs veried comiderebly. 

With the veive cpcning adjusted to give macimum initial output 


a tine dvairS sata’ € cs eaves ig a 
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explituds (P_.) of the outert varied from roughly 4200 ts 
17,000 dynefom*. The variation tock place slowly with time, 
the emplitude increasing end decreasing about the most commtant 
value cf 10,000 dyas/c:*, The wavefors of preecure variation 
turied as tabuleted below: 


Pd 
af . 
203 4,206 aly 


“he water flow rate through the device w= measured several tines 
during this teat and was found to vary from 1.8 t& 3 in-/seu, 
Conclusions fron Testing of Modified Water Hamnur Device 

The power output from the water hamwer device corresponding 
to the pressure amplitude cf 4,200 dyne/en* at a distance of 
9 inches frase the diaphragm is about 0.02 watts. That corree 
spending to 17,000 dyne/e? is 0.3 watts, These sotimates azcuss 
a nemicpberical radiation pattern with its center at the diaphram 
centes. Sach &@ radiation pattern vas imicavwa gy Wevetses 
shout the sources with a microphons which revealed that tne pressure 
explitede wee roughly constant at a fixed radius. 

Tac tame Variation of power output ia not eesily explained, 
“he most obvious catise for such slow tine wariations is 
variation oi dimeomions of the devices due to tesperature cheags 
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and vibratory arsep. The mean volus of valvs onening (distance 
from valve to seat) vea of ime order of .001 inches so that s 
variation of thts dimenzion as saall as .0001 incose (a 10 por 


cent chungs) might havs @ notiesabis efisct on epsration, The 


2. * % = - oa, Pa 
diuphrage (No. 2) used for thts test wes later found te be cracked, 


it is not kncv2 when, during the vest, the crack occurred, sé 

correlation betweer this occurrenos and variations in output is 

inpossibtis. 

Ow main cenclugions from this test were that: 

le A power output of atout 0.02 watts (this wes ths minim 
output asasured during the time variations) could readily be 
obtained fram thia devices. Minor changes in its adjustment. 
which wears impossible tc contre], could increase tie 
mecuitude of the output to 0.3 waves. | 

2. The amount of vater required to operate the device for 
10 seconds would bs about 33 in’. This water would heve to 
be available at a pressure of 200 - 300 pai. 

Conclusisns as to Possible Use of This Levice 

Our fine? model of this device (Figures 16, 21 and 23; dows 

not have several of tne characteristics considered to be desirable 

for the underwater sound source in misetion, The device exhibits 

the following lini tation2: 

1. It requires stored enerzy. 

2. Ite power output is from 0.02 to 0.3 watts ay ommpared te a 
éasired velue of 1 entt,. 

3. Ite beet fremency of cperation ia shout 2.5 KGS which is 
below the dasired 5 to 20 KC range. 
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kh, Its rediation pattern is roughly hanisphericel as compared 
to the desired omniedirectionai radiation in ome plane. 

As in the Hartmann Generstor No. 2 thes atersd energy (in the 
form of pressurized water) eannot Feadily be avoided. A moter oF 
turbims driven pump might be veed te draw water fron the 
eurroundines anc pressurize it, but this scheme would ba unch 
more complicated, and correspondingly more expensive, than 
simply utceeing pressurised water. The storage systeni visualised 
for thie sevice ia the sane as thet for the Fiuid Driven 
Diepuraga, The small amouit of water necessary for operation 
fer 106 seconds (30 in?) could sasily be stored under an eir 
pressure head of the desired aout. 

The opersting frequency of about 2 to 2.5 KG seems to bs 
somewnat of aii upner limit for this devices. The auplituds of 
vibrations necessary for a given power outout decresses os 
frequency increases. The stability of cperation of ths adrics 
Galinitely seems to be « function of the vibration amlitude of 
the Valve-disnrvac uri: the Larger tia amplitude, tis more 

atable the onsration. At fremenciss mich above 2.5 KCS the 
otabllity of the devios doses not scau good enousn for this 
application, Consequently, operating frequencies above 2.5 KGS 
ds 52 asen arivisabis. 

The power output of this device cam undoubtedly be increarsd 
size, principally its dlemster. If the 


dlameter of the dlapiwag: were increased. ite radiation 


oy insweacizng its 2 


characteristics would be improved, For the sane emlituie of 


vaurations as the present diaphragn tne acoustics Tesistive lead, 
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into which the dlaphracs would work, would appear bi.gner anc 
maxG energy could be tranamitted ints tm water, In additioz, 
th: disaster of the valve could be mue larger which would in- 
ercese the flow throust: the devica. Thie vould result in an 
inorsave in paver input and @ correspeixiing increare in power 
cutout. 

The redistion pattern of the present water nameer devices anid 
beat be modified to apororimate an omniedirecticnsal pattern in 
one plens by a curved horn arrangement. 4s is 2 design probtisn 
which we have not investigated but its eclution does not appsar 
to be Hficuit. 

In oohclusion, the water hauver dsvice now existent falis 
short of meeting the requirements inposed on the ainerwater 
aaoustis sourcs of interest in this contract. Hovever, modi~ 
fication ef the device te more neserly fulfill these requiransnts 


eer entirely possible. | 
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A. Impedancs st the sia of a Radiaisy Pulseting Cylinder in a 
Free Field Mediu: of Weter : 


Cengtder the case show: ‘nm the a-vetech: 


atm TG = RADIAL VELGCITY OF 


surroumiing the cylinder is 


>. = 
cts i 2 vf’ e i) | =f 46 — =o 7 ow so 
P=rAlLs(E)+in, (Ble (2) 


2 # instantanseus nressure at a point 
“ds 2Nf 3 fz frequency of pulsations 
redius to 2 point in the scum riesd 


r 
60 


—— a 


o = velocity of sound in waver 


A 2 complex amplitude constent 
i 


= time 
J, and N, ere Bessel and Neumann Functicaz 
naanaswts wat 


eS we wwe wan 7 ee 


Fran moseriam amt! continuity wo mow that 


imstentansous velecity at a point in the field 


a= density of Tinic, water in this case 
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Combining equations (1) and (2) ws find that 
1p Ar WIL { sey T ~ist 
a= A Ln (ey ei x (BEE oy 
; and WN, are Bessel and Newsenn Functions 
respectively 
isposing #he condition that when 
ee ee 7 a : 
RFQ 35; 4«42Ue ; 
ths quastity A can be evaluated and is fourmd to be 
as ec U, : 
” [-N,/ Be) +0 3,(3%)) i. 
4 c/s ec j 
5 
; 
i 
axa F 
] 
Sd 52h God) re ) 
At the surfacs of the cylinder, /l = Q, 8o the reection nrassure 3 
there is given by : 
b= gc [3.( S)+i nd paae t int 
Pani (WOS, 9 FP waNT "ee So as i 
See BS for a. = Jd Ye : 
This can be written as i 
ae oct, etl T a1 pT east ac a Traine ps ages sees PY 1 
r.OC«SP S a —- Se : 
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tar '" 5-473 & | . E 
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= » spoectfle acoustic ispedaces 
Flote of & ent B versus the quantity (22) are shoes in 
Figures 2h and 25. 

The rec! sort ofS, numelyAgcis the resistive component of 
fans acecstic Load epparent to the cylinder while the imaginary 
past of =, umsly Spc, is the reactive component. 

At values of (“) greater than 1 the impedance is eesentially 
resistive. ita value being very close to the cherecteristic 


a oe 


acoustic laredanse (ec) of water. This resistive load is very 
migh compared to the ciiaracteristic acoustic impedance of wir. 


= The condition that es >I } 
exists when «=f @ 9 KCS. 


for 2 1 inch radius qylinds. 
B, ‘Impedance Apparent to a Qylimirios] Wave Inside a Stare Oylinder 4 
Containing sae 3 


—— a - 
“yh 


=x 
a | 
s [ELS S@@LYGIS 1s igwndsd to indicaia the acavetic impedance 
5 
ae an 
; apparsis t a cyliindrivcally rediating sovurees with ite center 
ling posi toned on ts lougitadinal center line of a steel 
4 


qyiinger surrotsded br water. This aveten is representative of 
ths Hartmann Generator in « qylindrical enclosure. 

& Sigid aylinder wes aseuned to represent ths someuiat Pleribis 
Svesi aylindsr surrounded hy vater, to simplify calculations. 
This eesusptiai implies thet the cazponents of impedance at ‘hs 
incics Wall of the cylincer are an infinite reactance ari no 
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resistance when in reality they are a very isere: seactance and 
& vary smell reciestanos. The conditions which cause the ixpedance 
near the center of a rigid cylinder to be eero,cicetiy approximate 
the eonditions which cavae a very low impedance near the center 
of the steel cylinder actually used. fhe purpose of this 
analysis is to svaluate these conditions, 

fhe general exnression fot 2 pressure at a point in « 
cylindrical scund fisid made up of outgoing and incoming waves is 


P= DITCH IN 7 +E LE) -INK A  - 02) 
é 
viere D and — ere COapISsx mEplilias constants 


C = velocity of sound in medixm, air in this 
case 


other symbols used es before, 
Combining equation (22) with equation (2), Pese2& we get 


u Rot & am wr a: fit > sao) ist aren, 
u= se 301M SF )-tF g)f-EL Fi TS ype — —(33) 
wheres ? a density of air 
If we now assume thai tos rigid cylinder wail is present at, 
rsO we can write thet 
uscd Paper Aida 
N; “tll = 
E= dD) +z— 4 : pM Bh a tat aan ee ene os : 
NC )e iT 035)] Cus) 
Tt follows that 
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The value of © far cur desiom war 2 inch while the vaine sf 4% 


i —~ 


(not accurately known) was estimated to be about .05 inches (tne 


al 


vedius of the cavity resonator). With these values established 


was imoun ag & Function of frequency. A pict of this impedence 
veraug frequency is shown iv Figure 26. 
2z At Preqasucies of 9.2. 16 22-8 KGS tho impedance eppsrent 


Hue) = 


to the Sartmem Generate: as predicted by this analysis is sere. 


i) | In reality this impedance is very low (but not sero) at these 
points, ths condition which should fever geod operation of the 
Sian ReGT a 

G. Sample Calculation of Power Cutput from Pressure Anpliteds 
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mk aGEniiny Gamomiy meahuswi, tis pocsr beine radieted br an 
a00us TiC SoUe'Cs must bs calculated fran this meanurenent. xo 
estimates of radiated power are primarily intended te indicate 
ordsr of tzonttede, es the following sirmlifving assumptions 
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it - heawe been nade: 
l. Ths Wwaneducer radiates to a free Meld, 
3 2. A simple sound field hes been assumed for cach devia, & 
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the immedunes eppeiyat to ths gmerator (et a radius of .05 inches) 


Since pra@zeure amplitude at a imown point in the sound field is 
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» Use 
Crisncrical pavtern for the Hertmann Generatcs, & nemi- 
epherical patiern far the water homer csvice. 
3- The pressure varie%ion fe sinusoidal. 
bh, Hesouresents of pressure aaplitude ware taben at pointa fer 
\anerge aeay frou the soutee so that pressure and velocity 
tere in phase and the weve feort was epproximetely « placc. 


With tsese asgumptions the relationship between intensity 


ané pressure is 
Be 
~ 4% dies ( Fre ax) : = —— 


Fad Toot meat equere pressure explitude 

Faan® Peak Pressure amplitude 

Gs Geneity of finuid madium 

0 2 Velocity of sound in fluid sedi 
Pome and intensity are simply related by 


G=YA —----~——-—--~+ —(19) 
wners 5 
A =27° toe = besispherical 
gQarhtatian nat4oun 
oe Cee Vy we* eS eww oe 
roe A = LAL for a oylimirieal radiation 


pattern 
Li s retiated power 
A = ea over which intentitg wes distributed 


i. = Gstence from acurce to point where 
presscwre Was meecured 


hy = height of cylindrical radietion pattern 
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Conbining equations 13 and 1? fer the case of a aylindrical 
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Considering the values obtates4 foo: the mesguranent (sepcrtet 
em ceee 1D of the report) of the Rertmenr Generatar Mo. ] 
cutsnt In feae sound Mald of airs 


jt 2h.® inches = 11.5 cs. 
h = 3 inches = 7.6 cas. 
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